The Brazilian economy, the rural in particular, was until the end of the 19th century based 11 on slave labour. In this research, it was intended to obtain, through a review of historical descriptive 12 studies, a detailed picture of the occupational hygiene conditions related to the slaves' work and 
Introduction

27
A Country of strong economic participation at the global level, Brazil has a very diversified 28 economy, but with a substantial contribution from the primary sector. Livestock farming accounts 29 for more than 20% of gross domestic product -GDP [1] . This sector is also the largest generator of 30 work and income, and its socio-economic importance contributed actively to Brazil's independence 31 and has been its main driving force.
32
Slave labour in the 18th and 19th centuries
33
Throughout the colonial and imperial period, Brazil had an economy based mostly on 3 of 14 The lack of technical and scientific support, able to be used as a comparison parameter between 96 slave working conditions in the period when this practice was legal, and the working conditions of 97 the contemporary neo-slavery, allow, as already mentioned, the characterisation of this practice as a 98 simple violation of the regulatory working standards.
99
Although there are several studies on slave labour, they do not seek to clarify this issue from an 100 occupational safety and health (OHS) perspective. Thus, the work on this literature review is justified 101 as a further step to study and understand the conditions of OHS of the captive workers in Brazil at 102 the time of legalised slavery but in a current OHS perspective. So, it is expected to contribute to the 103 distinction between neo-slavery and the single violation of labour standards. It is also intended that 104 this work help to raise clues and contribute to the development of methodologies to identify this 105 problem in the different corners of the world where these practices are still a reality. 
Materials and Methods
107
The initial phase of this study was a review based on the Preferred Reporting Items for 108 Systematic Reviews and Meta-Analyses (PRISMA) [11] , where descriptive studies covering the 
115
In the second phase, screening, the potentially relevant articles were selected from the titles and 116 abstracts, where were excluded the works without descriptions of the slaves' labour activities. As 117 selection criteria were established, the existence of direct descriptions of the subjects related to the 118 study, dealing with the Brazilian slavery of the nineteenth century, and recognition as a reliable 119 source. Thus, only those works that, after reading the complete texts, enable the extraction of relevant 120 information (full reference, country region, environmental conditions, climatological, occupational 121 hygiene, accommodation, and clothing) were included.
122
The bibliographical references of all the selected articles were read without distinction of 123 publication type, which allowed the analysis of theses, dissertations, books and rare books (original 124 publications dating from the 18th and 19th centuries) complementing this second phase. Primary 125 sources (rare books) were the richest in detailed descriptions of slave labour and the conditions under 126 which it was performed.
127
In the third and last phase, the data were collected, focusing the attention on the climatic 128 conditions and occupational hygiene to which the captive worker was exposed, their usual 129 accommodation conditions, and clothing. Subsequently, the historical data found were compared 130 with data from the free poor workers of the same period, to highlight only the usual exposure 131 situations related to captive workers.
132
In the next step, the historical data were compared with the use of similar techniques in current 133 situations, in order to allow a relative quantification of the exposure of the nineteenth-century slaves 134 to some agents to which they were habitually and demonstrably exposed. Finally, it was considered 135 a dynamic exposure to contaminants, combining the climatic and occupational hygiene issues of the 
Results
138
The search in the six databases initially provided 36,355 references. After applying the exclusion 139 criteria, nine references were selected to read the full text. The defined time frame has eliminated 140 28,498 references. A total of 4,312 were withdrawn after the requirement of publication in periodicals.
141
Finally, after reading the title and abstract 3,536 works were excluded because they were out of 142 subject remaining nine works. From these, a further 19 papers were selected from the respective 143 references or obtained from other sources, resulting in a total of 28 works selected for full-text 144 reading. After analysing these 28 works, eight were excluded because they did not meet the defined 
150
The data in table 1 show the climatic variations, along the territorial extension of Brazil. There is 
158
concentration of these agents in the slaves' working environment, is the fact that some authors have 159 pointed them out, even knowing all the other daily risks to which the slaves were subjected. Exposure 160 to poisonous snakes, mosquitoes, and other disease vectors was considered intrinsic to fieldwork.
161
However, the relevance given to them in historical reports reveals their major relevance, which is 162 justified by a large number of slaves affected by health problems related to these agents, especially 163 during deforestation of native forest and in planting operations and sowing during rainy periods.
164
The poor conditions of housing and clothing are also evident in In the senzalas* the sleepers should be lifted from the ground in the dark over strings. Suggested cleaning inspection every Sunday.
Supply of cotton fabric for clothing and blankets.
[17] Pará Rains in the first months of the year. 
185
The 20 studies included presented descriptions with a degree of objectivity considered by the 186 authors as reliable. The necessary data for this work were extracted, summarised and systematised 187 in Table 1 . However, neither work aimed to study, analyse or describe aspects related to OHS. For 
198
The most profitable agricultural products of the time were those of hot climate, whose 
211
Because of the intense heat and humidity, the enslaved worker was always wet with sweat or 212 rain, since these storms were not considered as obstacles to carrying out the tasks. The exposure to 
227
The reduced ventilation of the senzalas did not allow the dispersion of the contaminants 228 impregnated and emanated from the clothes and the bodies. Due to the habit of keeping the senzalas 229 door locked at night to make it difficult to escape, the captives ended up making their physiological 230 needs within those spaces. For this reason, senzalas were commonly described as fetid and unhealthy
231
[16], being a biological severe risk factor. Under these conditions, senzalas were by themselves a 232 factor for the propagation and spread of various chemical and biological contaminants among slaves.
233
In addition, the foul-smelly slave's clothes, besides wet with sweat and charged with chemical
234
and biological contaminants, they were few and insufficient to protect against climatic variations, 235 namely temperature falls. These clothes of coarse and cheap tissues were distributed one or two times 236 a year, always with an insufficient quantity to the needs. In the coffee plantations of southeastern
237
Brazil, with a non-tropical climate and therefore with higher needs of protection against the cold,
238
only three shirts, three pairs of trousers and jackets, a hat and two blankets were delivered each year
239
[2]. In regions with a warmer climate, the quantity of clothing supplied was significantly lower. In 
247
The continued use of few and dirty pieces of clothing added to the high mechanical and chemical
248
wear to which the same pieces were submitted as a result of the heavy work routine in the fields and
249
also in the mills, ended up exposing the slaves, even more, when storms occurred. The clothing 250 usually provided was not sufficient because it could not have the necessary durability for the time
251
interval between two clothing supplies. In the last months before the new clothes delivery, the slaves
252
were dressed with the tatters that remained [4] .
253
The most common routine among the slaves on the farms can be considered as heavy work by 
262
In general, the difficulty of having clothing other than those provided by the slaveholder made
263
this population much more exposed to climatic variations than the free poor population, although 264 the type of clothing did not differentiate much between both groups [18] .
265
The use of equipment (machines and mills) by slaves was a common source of chemical risks, 
269
The available machines for agriculture at that period were widely used in the most significant 
287
Cotton ginning mills ( Figure 5 ) were usually driven by human pull through large cranks. They
288
were machines of simple construction and operation, but they were highly productive compared to 
298
Vegetable dust also occurred in rice processing, an agricultural crop which was also used,
299
mainly for export and which was often cultivated on the same farms as cotton [38] . Rice processing 
305
The deadly vapours are toxic and asphyxiating gases, mainly nitrogen dioxide (NO2) and carbon 306 dioxide (CO2), produced by the grains after harvest and that can reach high concentrations in low 307 ventilation environments [39] .
308
Contaminants with atmospheric dispersion generated by the different agro-industrial processes contaminants. This concern shows clearly that the concentrations of these agents were so high that 319 they could stand out, even at high risks and daily aggressions of the forced labour. However, farms 320 reality showed that little importance to these alerts was given. Authors like Taunay, do Alferes and
321
Imbert related several environmental issues such as exposure to some contaminants -including those 
Occupational hygiene in modern slavery
327
In the period when slavery was a legal practice in Brazil, there was a need to guarantee a 
331
In neo-slavery or modern slavery, this concern with capital recovery becomes secondary or 332 almost non-existent because the financial cost of acquiring the neo-slave worker is often restricted to 333 transportation to the farm and the commission to the seducer. In this scenario, concerns over the 334 lifespan of such workers cease to exist. The concerns are focused on hiding the traces of such practices.
335
One of the known methods is to promote a high turnover of these workers who, after having worked 336 without any safety or health measures exercising high-risk functions, are replaced by others after 337 periods that may not exceed one year [40] .
338
Thus, despite all the social and technological evolution that has taken place during the last two 339 centuries, the environmental labor conditions observed in the slave labor of the 19th century end up 340 replicating in a very similar way, or in some cases even worse, in the 21st century s neo-slavery, since 341 the initial investment is substantially lower.
342
As an example, the activity of sugarcane manual cutting, which is still done in the same way and
343
with the same type of environmental exposure as in the 19th century, was observed. This activity is 344 one of the most frequently classified as analogous to slavery by official labour inspection organisms.
345
The burning of the sugar cane consists of burning the leaves of the canes before the beginning of the 346 harvest. After the combustion, the stem of the cane remains without leaves and, therefore, it is easier 347 to be harvested. This process is still widely used in the 21st century despite the greater mechanisation 348 of agricultural labour. This burning was and is still especially damaging since the smoke generated 
351
Another common activity carried out by the neo-slaves in a similar way to that of the nineteenth 
357
Neo-slaves accommodation system is usually made up of improvised and unsafe structures,
358
usually consisting only of a plastic tarpaulin over a green wood structure cut in the nearest forest.
359
These places without rooms or even external walls, offer even more inadequate protection against
360
weather changes than the old senzalas. In the working activities, the modern slave worker uses his 361 clothes until they become unusable [40, 47] . The owners of these neo-slaves do not supply new
362
clothes. The neo-slave is obliged to use old and dirty rags without conditions to protect against 363 weather variations as well as the 19th-century slaves.
364
The unprotected exposure to organic dust, which severely damages the respiratory system [48- 
368
These activities, although not officially characterised as analogous to slavery, they have 
373
On average, the operators of these mills are exposed to concentrations ranging from 2 mg / m 3 
387
The slaves were exposed in an aggravated manner to bad weather conditions and the physical, 
407
In the twenty-first century's neo-slavery, the financial value involved in acquiring human beings
408
is often inferior to that of the nineteenth century, which significantly reduces the concern with the 409 health and safety of the neo-slave workers.
410
Despite the social and technological development of the last two centuries, in the rural neo- 
424
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